The objective of this study was to evaluate clinical characteristics, etiology, and resistance to antimicrobial agents, among patients with ventilator-associated pneumonia (VAP). A case study vs. patients control under mechanical ventilation and hospitalized into clinical-surgical adults ICU of HC-UFU was performed from March/2005 to March/ 2006. Patients under ventilation for over 48 h were included in the study including 84 with diagnosis of VAP, and 191 without VAP (control group). Laboratory diagnosis was carried out through quantitative microbiological evaluation of tracheal aspirate. The identification of pathogens was performed by classical microbiological tests, and the antibiotics sensitivity spectrum was determined through the CLSI technique. VAP incidence rate over 1,000 days of ventilation was 24.59. The mean (± SD) duration of mechanical ventilation prior to VAP diagnosis was 23.2 ± 17.2 days. By multivariate analysis the risk factors predisposing for VAP were: mechanical ventilation time and mechanical ventilation ≥ seven days, tracheostomy and use of ≥ three antibiotics. Mortality rate was high (32.1 %) but lower than that of the control group (46.5%). Major pathogens were identified in most of patients (95.2%) and included: Pseudomonas aeruginosa (29%), Staphylococcus aureus (26%), Enterobacter/Klebsiella/Serratia (19%) and Acinetobacter spp. (18%), with expressive frequencies of P. aeruginosa (52%), S. aureus (65.4%) and Enterobacteriaceae (43.7%) resistant to imipenem, oxacillin and 3/4 generation cephalosporins, respectively. In conclusion, our observation showed VAPs caused by multiresistant microorganisms, the prescription of ≥ three antibiotics, and mortality with unacceptably high rates. The practice of de-escalation therapy appears to be urgently needed in order to improve the situation.
Pneumonia is the most common infection in the intensive care unit where it accounts for 31% and 47% of nosocomial infections in Europe and US hospitals, respectively [1, 2] . The development of nosocomial pneumonia after 48 h or later among intubated and mechanically ventilated patients is known as ventilator-associated pneumonia (VAP) [3] . Hospitalacquired pneumonia (HAP) is the leading cause of mortality attributed to nosocomial infections [4] . Approximately 60% of all deaths in patients with nosocomial infections are associated with HAP/VAP, and the reported hospital mortality rates for HAP/VAP range from 20% to 70% [5] . Attributable mortality in patients with VAP can account for up to 50% of all deaths [6, 7] . Additionally, the occurrence of VAP prolongs the duration of hospital stay by six to 30 days and incurs additional medical expenses ranging from $5,000 to $40,000 per case [3, 5, 7] .
The initial choice of antimicrobial regimen appears to be of critical importance in determining the eventual clinical outcomes in patients with VAP, particularly hospital mortality. Early, aggressive, empirical therapy with broad-spectrum agents targeted at likely pathogens has been associated with a reduction in VAP mortality rates [8] [9] [10] , with significantly higher VAP-attributable mortality rate among patients with initially inadequate antimicrobial coverage compared with adequate empirical regimens [9, 10] .
The concept of de-escalation therapy is emerging as an effective strategy for the management of VAP and other serious infections [11, 12] . This concept entails the early implementation of broad-spectrum empirical coverage followed by a regimen driven by microbiological documentation. This strategy, while ensuring a high likelihood of adequate initial coverage, at the same time avoids the long-term use of unnecessary antibiotic, thereby minimizing resistance concerns [13] limiting the selective pressure of antimicrobial agents onward the microorganism [14] .
There is evidence that rates of VAP are higher in countries with limited resources [15] , although lack of specificity in the definition of pneumonia makes it difficult to be confident of this assertion. By the way, in contrast to US data, respiratory tract infections have been found to be the most frequent nosocomial infection in Brazil [16] . A major important barrier in the field of infection control is the rarity of microbiology support and/or the fact that the physicians lose confidence in microbiology data and as a consequence it is common to start antibiotics without even asking for specific cultures [16] .
The objective of this study was to determine the incidence and risk factors for VAP, and to evaluate the pathogens associated and their resistance profile in ICU patients at a Brazilian university hospital. 
Material and methods

Definitions
Pneumonia was considered ventilator associated when its onset occurred after 48 hours of mechanical ventilation and it was diagnosed when new, persistent pulmonary infiltrates appeared on chest radiographs and, at least two of following criteria were also required: (1) fever of ≥ 38 O C, (2) leukocytosis of 10,000\mm 3 or greater, and (3) purulent respiratory secretions. In cases of clinically suspected pneumonia, endotracheal aspirate (EA) was performed early in the morning; and the diagnosis of VAP was established with a positive quantitative culture (cut-off point ≥ 10 6 CFU/ mL).
To analyze the predisposing factors for development of VAP, the following variables were evaluated: age, gender, underlying diseases (diabetes mellitus, COPD and infection on admission), diagnosis at hospitalization, total ICU stay, antibiotical and corticosteroid therapy, length of mechanical ventilation, tracheostomy, and presence of a central venous catheter.
Statistical Analysis
Univariate analysis was used to compare variables for the outcome groups of interest. Continuous variables were compared using Student's t test for normally distributed variables. The χ 2 statistic or Fisher's exact test was used to compare categorical variables. Multivariate analysis was performed using multiple logistic regression with stepwise approach for entering new terms into the BioEstat model with 0.05 as the limit for their acceptance or removal [17] . All pvalue lower than 0.05 were considered significant.
The study was approved by the UFU Ethical Committee because it required access to and use of protected information, but, as most of the eligible patients were sedated for mechanical ventilation and because of the purely observational nature of the study, informed consent was waived.
Results
During the study period, 275 patients were admitted to the ICU in mechanical ventilation. The VAP patients and control group demographics are shown in Table 1 . Amongst all patients requiring MV, 84 (30.5%) developed VAP, and 80 (95.2%) of them had just one VAP episode with positive cultures.
Late onset VAP occurring after four days was found in 67 cases (79.7%), while early onset VAP occurred in 17 cases (20.3%). The device-related incidence rate for VAP was 24.59/ 1,000 ventilation days.
The patients with VAP were statistically more likely to receive treatment with corticosteroids and to require tracheostomy and central vascular catheterization than controls. Univariate analysis also indicated that stay in ICU ≥ seven days and ventilation ≥ seven days were significantly associated with VAP.
There was no statistically significant difference in hospital mortality among patients with and without VAP (32.1% vs. 46.5%, respectively. p = 0.12) as well as when the age was taken in consideration (47.8 ± 17.4 years vs. 48.2 ± 18.7 years, p = 0.86). On the other hand, patients with VAP had a significantly longer duration of mechanical ventilation (23.2 ±16.9 days vs. 9.2 ± 6.7 days, p < 0.001) compared to patients without VAP.
Multivariate analysis (Table 2) showed that length of MV (OR = 1.10; 95% IC = 1.04-1.17; p = 0.001), mechanical ventilation = seven days (OR = 7.86; 95% CI = 1.64-37.61; p = 0.01), tracheostomy (OR = 3.09; 95% CI = 1.28-7.45; p = 0.012), and use of ≥ 3 antibiotics (OR = 4.57; 95% CI= 2.13-9.82; p < 0.001) were independent risk factors for the development o VAP.
The use of antibiotics is shown in Table 3 . The univariate analysis of prescription of the several classes showed significant differences in terms of vancomicin use (OR = 3. The etiological agents of the VAPs are presented in tables 4 and 5. In 62 of the VAPs, one organism was identified, in 16 of the VAPs two different pathogens were found and in only two cases, three agents were recovered. Pseudomonas aeruginosa, (29 In vitro sensitivity data from both Gram-positive and Gramnegative isolates are shown in Tables 4 and 5 . It was found a high rate of multiresistant organisms, with highlight for imipenem-resistant P. aeruginosa (52.0%), oxacillin-resistant S. aureus (65.4%) and third/fourth generation cephalosporinresistant Klebsiella-Enterobacter-Serratia (43.7%).
Discussion
In spite of mechanical ventilation being an essential feature of modern intensive care unit, it is associated with a substantial risk for VAP, which is the most common nosocomial infection in ICU, with an incidence rate ranging from 7% to more than 40% [18] , and high health care costs [18] besides being the number one cause of death from nosocomial infection in the United States [19, 20] . Importantly, VAPs are easier to compare if they are presented as incidence density related with endotracheal tube [21] . The incidence of VAP in our study was high, 24.7 VAPs/ 1,000 ventilator days, considering that rates more commonly range between 10 and l5 cases/1,000ventilator days [22] , 13.5 according with NNIS data [23] , and were 9.5 and 11.4, 12.7 and 9.4, respectively, episodes per 1.000 device days according to reports of multi-centered studies from Richards et al. (2000) [24] , Gastmeier et al.(1997) [25] and Legras et al. (1998) [26] when just clinical-surgical units were analyzed. There are scarce studies assessing VAP importance in Brazil [27] . Recently, Guimarães and Rocco (2006) [28] , in an observational study carried out within an ICU of a university hospital in Rio de Janeiro aiming to obtain VAP prevalence, similarly found a high frequency, 35.7 cases\1,000 days of mechanical ventilation.
Although the development of VAP is associated with the same risk factors as other nosocomial infections, there are some predisposing factors that are specific to pulmonary infection [29] , mainly endotracheal intubation and mechanical ventilation [30, 31] . Risk factors predisposing to VAP are determined in part by the duration of exposure to the ICU environment and the presence of host factors and treatment related factors that predispose to the development of VAP [3] , by increasing the likelihood for colonization of the aerodigestive tract with pathogenic bacteria (e.g., prior antibiotic exposure, age > 60 years, chronic obstructive pulmonary disease) and predisposing to the aspiration of contaminated secretions (e.g., supine positioning, coma, head trauma, etc.) [3, 32] .
In this study, a multivariate analysis took into account several variables that could be risk factors for VAP and the stepwise logistic regression showed that length of MV, mechanical ventilation ≥ 7 days, tracheostomy and use of ≥ 3 antibiotics were independently risk factors for the development of VAP. Otherwise, the univariate analysis showed: duration of MV, length of stay in hospital, steroid treatment, tracheostomy and use of ≥ 3 antibiotics were significantly associated with VAP cases.
The early and accurate diagnosis of VAP is difficult, but, because of the increasing problem of multiresistant pathogens in many ICUs, it constitutes an urgent challenge as well as a rational basis for an optimal antibiotic treatment. Late onset VAP occurring after four days of hospitalization, as predominant in this study (79.7 %), are more likely to be caused by multidrug-resistant pathogens associated with increased hospital mortality and morbidity [33] [34] [35] . Risk factors for antimicrobial-resistant VAP include besides prior use of antibiotics, prolonged hospitalization, and the presence of invasive devices such as endotracheal tubes and intravascular catheters and inadequate infection control practices [36] .
The distribution of identified pathogens was similar to that observed in NNIS system data from 1992 to 1997 and in other studies [37, 38] , including high frequencies of P. aeruginosa and S. aureus. In spite of this, frequencies found of imipenem-resistant P. aeruginosa (52.0%), oxacillinresistant S. aureus (65.4%), imipenem-resistant A. baumannii (11.0%) and third/fourth generation cephalosporin-resistant Klebsiella-Enterobacter-Serratia (43.7%) isolates were high when compared with Latin American and US data [39, 40] .
Mortality by VAP remains significant in ICUs [38] ; a Brazilian study [41] showed that 50% of all nosocomial pneumonias are associated with mechanical ventilation, high morbidity, high hospital costs, and high mortality rates [28] . In our casuistic mortality was very high (32.1%), but inferior to that recently reported by Guimarães and Rocco (43%) [29] , however, just like the Rio de Janeiro investigation, mortality rate was not different amongst groups (with and without VAP). Antibiotic de-escalation, which consists of the initial institution of empirical broad-spectrum antibiotics followed by antibiotic stream lining driven by microbiological documentation, is thought to provide maximum benefit for the individual patient, while reducing the selective pressure for resistance [42] . It should rely on a correct choice of empirical antibiotics, on appropriate microbiological investigation and on a balanced interpretation of microbiological and clinical data [43, 44] . Results reached by our investigation, such as: VAP high frequencies, use of ≥ 3 antibiotics, empirical antibiotic therapy, multiresistant bacteria, and mortality rate, suggest the need of a urgent review of nosocomial infection preventive and control measures, as well as the prescription of antibiotics being used in the unit and the evaluation of adopting an antibiotics de-escalonation technique.
In conclusion, VAP poses a therapeutic challenge in an ICU setting. Our observation confirms that treatment for VAP in our institution includes usually = 3 antibiotics, and that the cases of multiresistant organisms associated and mortality rates are unacceptably high. The practice of de-escalation therapy appears to be urgently needed in order to improve the situation.
